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I. Introduction

Adaptive antenna switching on the uplink exploits the diversity offered by the two antennas that are already present in the handset for reception. It is compatible with MU-MIMO and has low hardware complexity. It is now a working assumption in RAN1 as a UE capability. Proposals have been put forth in the previous RAN1 meetings on training and control signaling for adaptive antenna switching. 
The training schemes proposed used either the data demodulation pilots or the sounding RS for enabling the eNodeB to estimate the channel states of both antennas, and feed it back to the UE. 
Using the broadband sounding RS for antenna selection has the advantage of facilitating joint frequency domain scheduling and antenna selection. In the following, we consider how the sounding RS can be used for adaptive antenna switching, and provide system-level simulation results for the performance gains experienced by UEs with adaptive antenna selection capability in the presence and absence of frequency-domain scheduling.  
II. Using sounding RS for adaptive antenna switching

The sounding RS can be used for adaptive antenna switching in the following two ways: 
1. Alternately sounding both antennas: The sounding RS is transmitted alternately from the two antennas. This enables the eNodeB to estimate the channels from the two antennas, and to perform resource block allocation and antenna selection.  For example, let the sounding RS be transmitted every 2 TTI, and let the UE start transmitting from TTI #1. Then, as illustrated in Figure 1, the sounding RSs of TTI # 1, 5, 9,… are transmitted from the first antenna and the sounding RSs of TTI # 3, 7 11,… are transmitted from the second antenna. 
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Figure 1 Adaptive antenna switching in which antennas alternately transmit sounding RS
2. Reduced overhead antenna sounding: The sounding RS overhead can be reduced by distinguishing between the transmission of the sounding RS from the selected antenna that is currently being used for transmitting data and the other unselected antenna, as follows. The sounding RS is again transmitted periodically. However, only one in every k (k ≥ 2) sounding RSs is transmitted from the unselected antenna and the rest are transmitted from the selected antenna. As before, the eNodeB performs resource block assignment and selects the antenna the UE should use to transmit data. This scheme enables the eNodeB to estimate more often the frequency response of the selected antenna’s channel, which is often the best antenna for long durations at low UE speeds.  This is illustrated in Figure 2.
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Figure 2: Adaptive antenna switching in which unselected antenna transmits sounding RS less often 

In both the above mechanisms, the eNodeB knows a priori when the unselected antenna transmits the sounding RS. Thus, dynamic control signaling is not required to determine the parameter k.
III. Simulation Setup

The simulation parameters are given in Table 1. 
	System bandwidth
	10 MHz

	TTI duration
	1 ms

	Number of subcarriers per RB
	12

	Sounding RS location
	1st long block

	Number of LBs per TTI
	14

	Number of UEs/cell
	25

	Channel model
	6-ray typical urban (TU)

	UE speed
	3 kmph

	Number of transmit (UE) antennas
	2

	Number of transmit RF chains
	1

	Number of receiver (eNodeB) antennas
	2

	Feedback delay
	1 TTI

	Normalized distance between transmit antennas
	0.5

	Variance of angle of departure
	580

	Spatial correlation of eNodeB (receive) antennas
	Uncorrelated

	Number of contiguous RBs assigned to a UE
	2

	Scheduling algorithm
	1. Frequency-domain scheduling
2. Fixed RB assignment 


Table 1 Simulation parameters
IV. Simulation Results
Alternately sounding the two antennas
We first consider the first case in which the sounding RS is transmitted from the two antennas in an alternating manner.  The transmission interval of the sounding RS is set to either 2 ms or 10 ms in the simulations. 
Figure 3 and Figure 4 plot the CDF of the received SNR of all the UEs with adaptive antenna selection capability when the sounding RS is sent every 2 TTI (2 ms). In Figure 3, both frequency-domain scheduling and adaptive antenna switching are performed. In Figure 4, only adaptive antenna switching is performed without frequency-domain scheduling.
 The gains of adaptive antenna selection experienced by the users over single antenna selection are summarized in Table 2.   
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Figure 3: CDF of received SNR of users in presence of frequency domain scheduling with and without adaptive antenna switching. (Sounding RS sent every 2 TTI)
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Figure 4:  CDF of received SNR of users in presence of fixed RB assignment (no frequency domain scheduling) with and without adaptive antenna switching. (Sounding RS sent every 2 TTI)


	SNR CDF point
	With frequency-domain scheduling
	Without frequency-domain scheduling

	1% 
	3.2 dB
	3.8 dB

	10%
	2.0 dB
	2.6 dB


Table 2 SNR gain experienced by UE with adaptive antenna selection capability over a UE with single transmit antenna for a 2 TTI sounding interval. 
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Figure 5: CDF of received SNR of users in presence of frequency domain scheduling with and without adaptive antenna switching. (Sounding RS sent every 10 TTI)
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Figure 6: CDF of received SNR of users in presence of fixed RB assignment (no frequency domain scheduling) with and without adaptive antenna switching. (Sounding RS sent every 10 TTI)


Figure 5 and Figure 6 plot the CDF of the received SNR of users that use adaptive antenna selection when the sounding RS is sent every 10 ms. As before, the two antennas transmit it alternately. In Figure 5, both frequency-domain scheduling and adaptive antenna switching are considered. In Figure 6, only adaptive antenna switching is considered; the resource block assignment is fixed. The gains of adaptive antenna selection experienced by the user over single antenna selection are summarized in Table 3.
	SNR CDF point
	With frequency-domain scheduling
	Without frequency-domain scheduling 

	1%
	2.4 dB
	3.0 dB

	10%
	1.6 dB
	2.3 dB


Table 3 SNR gain experienced by a UE with adaptive antenna selection capability over a UE with only a single transmit antenna for a 10 TTI sounding interval.
In all the above cases, we see that the experience of a UE with adaptive antenna switching capability, measured in terms of the SNR its link experiences, significantly improves. 

Reduced overhead antenna sounding
We now consider the case in which the sounding RS is transmitted more often from the selected antenna than from the unselected antenna. The transmission interval of the sounding RS is set to 2 ms, and, as before, both frequency-domain scheduling and fixed resource block assignment are simulated. 

Figure 7 and Figure 8 plot the CDF of the SNRs experienced by UEs that use adaptive antenna switching for the following cases:

1. Only 1 out of 5 sounding RS is periodically sent by unselected antenna 
2. Only 1 out of 10 sounding RS is periodically sent by unselected antenna 

3. Only 1 out of 15 sounding RS is periodically sent by unselected antenna 

4. Antennas alternately transmit the sounding RS 

These are also compared with the baseline case of no adaptive antenna switching, i.e., a UE with only one transmit antenna. Figure 7 considers the scenario in which frequency-domain scheduling occurs in tandem with adaptive antenna switching, while Figure 8 considers the case of fixed RB allocation. 
It can be seen that sending the sounding RS from the unselected antenna in only 1 out of 5 instances one has negligible loss in performance in both figures. Even adaptive antenna selection based on the other more extreme cases, in which the sounding RS is sent from the unselected antenna in 1 out of 10 or 1 out of 15 instances, results in significant user experience gains.   
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Figure 7: CDF of received SNR of users with adaptive antenna selection capability in presence of frequency-domain scheduling when unselected antenna transmits sounding RS less often. (Sounding RS sent every 2 TTI)
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Figure 8: CDF of received SNR of users with adaptive antenna selection capability with fixed RB assignment (no frequency-domain scheduling) when unselected antenna transmits sounding RS less often. (Sounding RS sent every 2 TTI)


V. Conclusion and way forward
The results in this contribution show that the experience of a UE with adaptive antenna selection capability is significantly better when the sounding RS is used for enabling adaptive antenna selection. Furthermore, the unselected antenna need not send the sounding RS as often as the selected antenna, which reduces the sounding RS overhead significantly. These observations were made over different sounding intervals and over different extents of sounding by the selected and unselected antennas.  

We therefore recommend that RAN1 agree on the following way forward:
1. Use the sounding RS for adaptive antenna switching.

2. Assume that the eNodeB knows a priori, based on higher layer signaling or implicitly, when the sounding RS is sent out by the unselected antenna.
3. Distinguish between the transmission of the sounding RS by the selected and unselected antennas. 
4. eNodeB configures how often the selected and unselected antennas transmit the sounding RS. 
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� The received SNRs of the 24 contiguous subcarriers assigned to a UE are averaged in the plots.





